Kinetics of the spectral changes during reduction of the Na+-motive NADH:quinone oxidoreductase from Vibrio harveyi.
Two radical signals with different line widths are seen in the Na+-translocating NADH:ubiquinone oxidoreductase (Na+-NQR) from Vibrio harveyi by EPR spectroscopy. The first radical is observed in the oxidized enzyme, and is assigned as a neutral flavosemiquinone. The second radical is observed in the reduced enzyme and is assigned to be the anionic form of flavosemiquinone. The time course of Na+-NQR reduction by NADH, as monitored by stopped-flow optical spectroscopy, shows three distinct phases, the spectra of which suggest that they correspond to the reduction of three different flavin species. The first phase is fast both in the presence and absence of sodium, and is assigned to reduction of FAD to FADH2 at the NADH dehydrogenating site. The rates of the other two phases are strongly dependent on sodium concentration, and these phases are attributed to reduction of two covalently bound FMN's. Combination of the optical and EPR data suggests that a neutral FMN flavosemiquinone preexists in the oxidized enzyme, and that it is reduced to the fully reduced flavin by NADH. The other FMN moiety is initially oxidized, and is reduced to the anionic flavosemiquinone. One-electron transitions of two discrete flavin species are thus assigned as sodium-dependent steps in the catalytic cycle of Na+-NQR.